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(54) METHOD FOR FORMING SILICON CARBIDE FILM 

(57)Abstract: 

PURPOSE: To provide a method for forming silicon 
carbide film which has a large area and an improved 
crystallizability. 

CONSTITUTION: The method includes a process for 
forming a surface carbonization layer consisting of 
single-crystal silicon carbide by carbonizing the surface 
of a single-crystal silicon substrate in carbon 
atmosphere, a process for separating the surface 
activation layer from the silicon substrate, and a process 
for depositing silicon carbide from the feed gas of silicon 
and that of carbon with the surface carbonization 
surface separated from the silicon substrate as a 
substrate. 
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[Claim 1] 

A method for forming a silicon carbide film characterized by 
comprising a step for forming a surface carbonization layer consisting of 
single crystalline silicon carbide by carbonizing the surface of a single 
crystalline silicon substrate in carbon atmosphere, a step for separating the 
surface carbonization layer from the silicon substrate, and a step for 
depositing silicon carbide from the source gas of silicon and the source gas of 
carbon employing the surface carbonization layer separated from the silicon 
substrate as a substrate. 
[Claim 2] 

The method of forming a silicon carbide film according to claim 1, 
wherein silicon carbide is deposited from a silicon source gas and a carbon 
source gas employing the rear surface (the surface previously in contact with 
the silicon substrate) of the surface carbonization layer separated from the 
silicon substrate as a substrate. 
[001 ll 

According to the present invention, the deposition of silicon carbide 
from a silicon source gas and a carbon course gas on a substrate in the form 
of the rear surface (the surface previously in contact with the silicon 
substrate) of the surface carbonization layer separated from the silicon 
substrate is most desirable to improve crystallinity and surface morphology. 
[0014] 

[Embodiment] 

Fig. 1 is a process drawing of an embodiment of the method of forming 
a silicon carbide film of the present invention. An embodiment of the method 
of forming a silicon carbide film of the present invention will be described 
below with reference to Fig. 1. A substrate in the form of a single crystalline 
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silicon wafer three inches in diameter was placed in a reactor furnace, heated 
to 1,020°C in an acetylene and hydrogen atmosphere, and while feeding 
acetylene and hydrogen, the silicon substrate was maintained for 60 min at 
1,020°C to carbonize the surface of the silicon substrate (see step (a) in Fig. 1). 
Table 1 gives the acetylene flow rate, hydrogen flow rate, and pressure within 
the reactor furnace during this process. 
[0015] 
[Table 1] 

Table 1: Conditions of Surface Carbonization of Silicon Substrate 



Acetylene flow rate 


10 cc/min 


Hydrogen flow rate 


100 cc/min 


Pressure in reactor 
furnace 


150 mTorr 


Surface carbonization 
temperature 


1,020°C 


Surface carbonization 
duration 


60 min 



[0016] 

The film thickness of the surface carbonization layer comprised of 
silicon carbide formed on a silicon substrate surface was measured with an 
ellipsometry to confirm a thickness of 80 Angstroms. 
[0017] 

Next, dichlorosilane (SiH 2 Cl2) and acetylene (C 2 H 2 ) were reacted at 
900°C to form a polycrystalline silicon carbide film on the surface 
carbonization layer (see step (b) in Fig. 1). Table 2 gives the source gas flow 
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rates, pressure within the reactor furnace, and thickness of the 
polycrystalline silicon carbide layer that was formed. Since the temperature 
(900°C) employed to form the silicon carbide film was significantly lower than 
the substrate carbonization temperature (1,020°C), the localized 
displacement of silicon atoms from the base silicon substrate was inhibited. 
Further, an extremely thin surface carbonization layer was maintained in the 
polycrystalline silicon carbide film, serving to prevent both mechanical 
damage and displacement of Si atoms from the base. 
[0018] 
[Table 2] 

Table 2: Conditions of Formation of Polycrystalline Silicon Carbide Film on 
Surface Carbonization Layer 



Acetylene flow rate 


24 cc/min 


Dichlorosilane flow 
rate 


200 cc/min 


Pressure in reactor 


130 mTorr 


Polycrystalline silicon 
carbide film thickness 


10.2 micrometers 



[0019] 

From Fig. 2 showing a sectional view of the silicon substrate following 
the formation of the surface carbonization and polycrystalline silicon carbide 
films, it is clear that a surface carbonization layer 2 was formed around the 
silicon substrate 1, and a polycrystalline silicon carbide layer 3 was formed 
around the surface carbonization layer 2. 
[0020] 



3 



The silicon carbide layers (surface carbonization layer and 
polycrystalline silicon carbide layer) on the rear surface of the silicon 
substrate were then removed by reactive ion etching, exposing the silicon 
substrate (see step (c) in Fig. 1). 
[0021] 

A mixed solution of hydrofluoric acid and nitric acid was then 
employed to completely dissolve the exposed silicon substrate, yielding a 
simple silicon carbide film (see step (d) in Fig. 1). 
[0022] 

As shown in Fig. 3, the silicon carbide film thus obtained have a two- 
layer structure consisting of a surface carbonization layer 2 comprising single 
crystalline silicon carbide formed by surface carbonization of silicon, and a 
polycrystalline silicon carbide layer 3 formed by deposition from gas. The 
surface carbonization layer of this silicon carbide film was employed as 
substrate and a silicon carbide film was formed on the rear surface (surface 
in contact with the silicon substrate) thereof by the method of alternatively 
feeding source gases (see step (e) in Fig. 1). 
[0023] 

The procedure for forming a silicon carbide film by the method of 
alternatively feeding source gases is described below. First, a substrate 
comprised of a silicon carbide film prepared by the above-described procedure 
was placed in a reactor furnace. Next, the substrate was heated to 1,020°C. 
Once the substrate temperature had reached 1,020°C, a silicon source gas in 
the form of dichlorosilane (SiH2Cl2) and a carbon source gas in the form of 
acetylene (C2H2) were alternately fed into the reactor furnace. This 
alternatively feeding of source gases was repeated 500 times. Table 3 gives 
the specific conditions of this film formation. 
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[0024] 
[Table 3] 

Table 3: Conditions of Formation of Silicon Carbide Film by Alternatively 
feeding of Source Gases 



j^iLniorobiidjie now 
rate 


±u cc/min 


Duration of 
dichlorosilane supply 
per cycle 


20 sec 


Acetylene flow rate 


10 cc/min 


Duration of acetylene 
supply per cycle 


10 sec 


lime trom end ot 
dichlorosilane supply 
to start of acetylene 
supply 


5 sec 


Time from end of 

flppf.vlpnp siiTvnlv fn 

start of dichlorosilane 
supply 


3 sec 


Film formation 
temperature 


1,020°C 


Number of cycles of 
alternatively feeding 
gases 


500 times 
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[0027] 

Fig. 4(b) is a SEM image of the surface of the silicon carbide film 
formed based on the present invention. No protrusions were observed on the 
surface of the silicon carbide film in this SEM image. That is, the surface of 
the silicon carbide film formed according to the present invention was clearly 
found to be extremely smooth. 
[0028] 

Fig. 5(b) is a SEM image of a cross-section of the silicon carbide film 
formed according to the present invention. No etch pits were observed in the 
cross section of the silicon carbide film in this SEM image. Further, no 
protrusions were observed on the surface of the silicon carbide film that was 
formed. That is, since silicon atoms did not move from the base silicon 
substrate when the method of the present invention was conducted, it was 
possible to achieve a silicon carbide film having a smooth surface. 
[0029] 

Fig. 6(b) is an ECP of the surface of the silicon carbide film formed 
according to the present invention. A Kikuchi pattern suggesting a cyclic 
arrangement of atoms in the crystal was clearly discovered in this ECP. That 
is, it was possible to achieve silicon carbide films with good crystallinity by 
practicing the method of the present invention. 

[0030] Table 4 shows the internal stress of silicon carbide films formed 
according to prior art and the present invention. As will be clear from Table 
4, the use of the present invention greatly reduced the internal stress in the 
silicon carbide film that was formed. 
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[0031] 
[Table 4] 

Table 4: Internal Stress in Silicon Carbide Films 



Prior art 


Tensile stress of 3.7 x 10 9 Pa 


Present invention 


Compressive stress of 2.6 x 
108 Pa 



[0034] 

(ii) In the embodiment, a polycrystalline silicon carbide layer was 
formed on a surface carbonization film provided on a silicon substrate, after 
which the surface carbonization layer was removed from the silicon substrate. 
However, it is also possible to omit formation of the polycrystalline silicon 
carbide layer mentioned above. When the polycrystalline silicon carbide 
layer is not provided, the substrate must satisfy requirements as a substrate 
such as having a strength so that the simple carbonization layer can 
maintain its shape. 
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